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Why is the terrestrial biosphere a CO2 sink ?
Introduction
www.globalcarbonproject.org/ 
The top four emitters in 2013 covered 58% of global emissions





















































CH4 life-time in atmosphere ~10 yrs










Land fills & waste (63)
Rice (36)
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growth (2012) = 12
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Sources and sinks of CH4 in Tg CH4 yr
-1
Kirschke et al. (2013) Nature Geoscience, 6, 813-823
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Pantropical wetland emission of 92 TgCH4 yr
-1












































How important are emissions of greenhouse-gas
from inland waters ?
Introduction
Introduction
Raymond et al. (2013)
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Lauerwald et al. (2015) 3 x lower than Raymond et al.
Introduction





































pCO2 = 277,076 ppm ?
Introduction
Raymond et al. (2013) & Lauerwald et al. (2015) used pCO2 computed
from pH and total alkalinity
Over-estimation up to 75 x 
Introduction













Total Alkalinity = [HCO3
-] + 2 [CO3
2-] + borate
borate = f(S)
Carbonate Alkalinity (CA) = [HCO3





4 equations = K1, K2, pH, Total Alkalinity
4 unknows = [CO2], [HCO3
-], [CO3
2-], [H+]











Fluxes in PgC yr-1
Introduction































= High pCO2 low CH4
Rivers/streams
= Lower pCO2 high CH4
CH4 produced in the river
not imported from GW
Africa and global GHGs budgets
Introduction
Introduction
Total CO2 emissions per country
Introduction





















































> 23,000 continuous measurements








Conductivity (µS cm-1)High W (Dec. 2013)
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pCO2 (ppm) High W (Dec. 2013)
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Dissolved organic carbon (DOC) (mg L-1)
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All streams/rivers vs catchement characteristics









































































































→ short residence time
→ smaller flood areas
→ high exchange + air
Steeper
→ short residence time
→ smaller flood areas





















→ short residence time
→ smaller flood areas
→ high exchange + air
Steeper
→ short residence time
→ smaller flood areas




    Amazon Congo 
Catchment area (km
2
) 6,025,735 3,705,222 





) 5,444 1,270 




) 29 11 
Precipitation (mm) 2,147 1,527 
Air temperature (°C) 24.6 23.7 
River-stream surface  area (km
2
) 74,904 26,517 
Wetland surface area (%) 14 10 
Above ground biomass (Mg km
-2
) 909 748 
Land cover     
  Dense Forest (%) 83 49 
  Mosaic Forest (%) 4 18 
  Woodland and shrubland (%) 4 27 
  Grassland (%) 5 3 






























pCO2 is ± similar



















Hmax - Hmin = 10-12 m Hmax - Hmin = 3-4 m
Results
Amazon Congo
Flooded land = 80 % flooded forest
Numerous permanent & temporary lakes
Flooded land = 100 % flooded forest
Only a few large permanent lakes
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Amazon Congo
Flooded land = 80 % flooded forest
Numerous permanent & temporary lakes
Flooded land = 100 % flooded forest
Only a few large permanent lakes
Seasonally inundated wetlands Permanently inundated flooded forest
Flooding from river overflow Wetland water from upland runoff
Macrophytes only present in floodplains Extensive macrophyte meadows in river 
channels (mainstem + tributaries)
Explains why CH4 is 3-4 times higher in Congo
Results
Emissions of greenhouse-gases from Africa & tropics ?
Results
Computation of diffusive CO2 and CH4 flux 
F = k ΔCO2 or F = k ΔCH4

















Computation of diffusive CO2 and CH4 flux 
F = k ΔCO2 or F = k ΔCH4
where k is the gas transfer velocity
V = stream velocity (m s-1)
S = slope
D = depth (m)
Q = discharge (m3 s-1)









FCO2 = k ΔCO2
k = FCO2 / ΔCO2 
Diffusive FCH4 = k ΔCH4 
Total FCH4 = diffusive FCH4 + Ebullitive FCH4 
Results
Ebullition of CH4














CH4 ebullition rates = 0.25 x diffusive CH4 flux (n=68)
Results
Using gas transfer velocity + river/stream areas from GIS of 
Raymond et al. (2013)
African rivers/streams
CO2 = 0.27 – 0.36 PgC yr
-1
CO2 + CH4 = 0.31 – 0.42 PgC yr
-1 (CO2 equivalents)
Sink of C = 0.6 PgC yr-1
Off-set by 2/3 !
Results
Using gas transfer velocity + river/stream areas from GIS of 
Raymond et al. (2013)
African rivers/streams
CO2 = 0.27 – 0.36 PgC yr
-1
CO2 + CH4 = 0.31 – 0.42 PgC yr
-1 (CO2 equivalents)
Cuvette Centrale Congolaise (wetland)
CO2 = 0.39 PgC yr
-1
CO2 + CH4 = 0.62 PgC yr
-1 (CO2 equivalents)
Cuvette Centrale Congolaise + rivers/streams








Calculated as the residual





Average of 5 models
Global anthropogenic CO2 fluxes in 2010 (PgC y
-1 = 1015 gC y-1)
www.globalcarbonproject.org/ 
Results
Where’s the CO2 coming from ?
African rivers/streams
CO2 = 0.27 – 0.36 PgC yr
-1
















Pelagic R (mmolC m-3 d-1)
median R was 99.4 mmolC m-2 d-1
Upscaled → 11% of the CO2 emission from rivers
CO2 emission from rivers sustained by external CO2 inputs 
(wetlands or soils)
Results
Using gas transfer velocity + river/stream areas from GIS of 




























































































































Model pCO2 = 4850 ppm
Field pCO2 (mainstem) = 1870 – 4500 (FW – HW)
Field pCO2 (tributaries) = 7925 – 8250 (FW – HW)
Results
Using gas transfer velocity + river/stream areas from GIS of 
Raymond et al. (2013)
+ GLWD (Lehner & Döll 2003)

























CO2 emissions from tropical 
rivers = 1.8 PgC yr-1
Raymond et al. (2013)
1.4 PgC yr-1
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